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FOREWORD 


A  major  research  project  of  the  Army  Research  Institute  (AR1)  Field  Unit 
at  Fort  Hood,  Texas,  is  “Evaluating  Human  Factors  Considerations  and  Concepts 
in  an  Operational  Environment”  (Army  Project  2Q263739A793).  This  project  is 
primarily  concerned  with  evaluating  the  human  factors  (man-machine  interface) 
aspects  of  systems  in  an  operational  environment;  the  purpose  is  to  optimize 
performance  of  existing  systems  and  provide  design  criteria  for  future  similar 
systems.  One  of  these  evaluations  was  the  human  factors  evaluation  of  the  Ml 
Battle  Tank  during  Operational  Test  III.  This  report  describes  the  results  of 
an  analysis  of  data  from  the  OT  III,  the  selection  of  current  criteria  and 
development  of  new  criteria.  These  criteria  provide  the  design  guidance 
necessary  for:  1)  resolving  current  human  factors  engineering  problems  with 
the  Ml  tank,  and  2)  preventing  the  recurrence  of  such  problems  in  future  tank 
systems.  The  report  does  not  address  current  design  criteria  which  are 
adequate  and  which  were  properly  considered  during  the  RDT&E  process,  l.e., 
design  criteria  relating  to  system  aspects  where  no  man-machine  Interface 
problems  were  found. 


EDGAR  M.  JOHNSON 
Technical  Director 
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EXECUTIVE  SUMMARY 


Requirement 

The  objective  of  this  analysis  is  to  specify  current  human  factors  engineering 
(HFE)  related  design  criteria  that  are  associated  with  current  Ml  tank 
deficiencies  and  to  stipulate  new  design  criteria,  where  needed,  in  order  to 
prevent  a  recurrence  of  these  problems  in  future  tank  systems* 

Procedure 


The  procedure  Involved  comparing  individual  HFE  design  problems  identified  in 
the  Ml  Tank  Operational  Test  Ill  with  relevant  criteria  statements  containing  the 
information  for  avoiding  such  problems  in  the  design  process.  The  criteria  in 
MIL-STD-1472C  and  MIL-HDBK-759A  were  evaluated  to  determine  if  they  provided 
adequate  guidance  for  making  informed  design  judgements.  Criteria  judged  as 
adequate  were  viewed  as  critical  criteria  that  should  be  given  greater  emphasis  in 
future  programs.  In  comparisons  in  which  the  criteria  were  judged  as  inadequate 
or  missing,  revised  or  new  criteria  were  proposed. 

Findings 

Of  the  HFE  problems  common  to  both  the  Ml  tank  and  previous  similar  systems, 
approximately  80  percent  are  covered  by  current  criteria  which  provide  adequate 
guidance  for  resolving  such  problems.  These  problems  make  up  three  quarters  of 
the  HFE  problems  in  the  Ml  tank  system  and  could  have  been  avoided  had  greater 
emphasis  been  given  to  adhering  to  requirements  established  by  current  criteria. 

Twenty  percent  of  the  problems  common  to  both  the  Ml  tank  and  previous  similar 
systems  were  related  to  Inadequate  design  criteria  that  did  not  provide  the 
required  information.  This  finding  indicates  that  the  current  (previously 
existing)  criteria  are  of  uneven  quality. 

The  situation  with  new  technology  is  much  different.  Only  about  54  percent  of 
the  identified  HFE  problems  designed  into  components  that  are  new  to  the  Ml 
were  found  to  be  covered  by  adequate  criteria;  36  percent  had  Inadequate  criteria; 
nine  percent  had  no  criteria.  These  findings  indicate  that  a  large  proportion  of 
current  criteria  do  not  contain  the  information  sufficient  for  incorporating  good 
HFE  design  into  new  technology.  It  points  out  a  definite  need  to  update  old 
design  criteria  and  add  new  criteria  concurrently  with  applications  of  new 
technology.  Preferably,  the  new  and  updated  criteria  should  be  available  when  new 
technology  is  being  designed  into  new  tank  systems. 

Utilization 


These  findings  are  intended  for  use  in  improving  and  updating  HFE  design 
criteria  for  battle  tank  systems.  The  critical,  revised  and  new  criteria 
presented  in  this  report  provide  much  of  the  information  necessary  for  correcting 
the  current  HFE  problems  in  the  Ml  tank  and  preventing  the  recurrence  of  similar 
problems  in  future  generation  tank  systems. 
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OPERATIONAL  TEST  III 


INTRODUCTION 


The  Fort  Hood  Field  Unit  of  ARI  has  an  active  program  of  human  factors 
research  with  new  and  improved  equipment  in  the  system  acquisition  process. 

The  research  is  characterized  by  assessment  of  systems  in  an  operational 
environment  when  these  systems  are  manned  by  regular  FORSCOM  troops  for  the 
first  time.  ARI  provides  support  to  TCATA,  test  boards  and  OTEA  in  fulfulling 
the  requirements  of  the  human  factors  objectives  of  operational  tests 
conducted  by  these  agencies.  This  report  is  the  first  in  a  series  of  reports 
on  developing  design  criteria  for  future  systems. 

PURPOSE  AND  OBJECTIVE 


One  of  the  primary  functions  of  the  ARI  human  factors  research  program  is 
to  provide  human  factors  engineering  (man-machine  interface)  design  criteria 
for  future  systems.  This  is  achieved  by  an  analysis  of  human  factors 
engineering  (HFE)  problems  identified  in  user  tests  of  similar  current 
systems.  Problems  identified  in  current  systems,  therefore,  serve  as  the 
basis  for  establishing  critical  design  criteria  for  future  similar  systems  -  a 
process  that  involves:  (1)  detecting  relevant  existing  design  criteria  which 
have  been  overlooked  or  ignored,  and  (2)  identifying  and  developing  new 
criteria  for  unanticipated  problems  not  covered  by  current  standards. 

The  objectives  of  this  current  analysis  are  limited  to:  (1)  specifying 
current  HFE  related  design  critieria  that  are  associated  with  current  Ml  tank 
deficiencies;  and  (2)  stipulating  new  design  criteria,  where  needed,  in  order 
to  prevent  a  recurrence  in  future  systems  of  HFE  problems  reported  in:  Human 
Factors  Evaluation  of  the  Ml  Battle  Tank  in  Operational  Test  III,  an  ARI 
report  included  in  TCATA  test  report:  New  Army  Battle  Tank  (XMl)  Operational 
Test  III  (OT  5B),  (August  1981),  and  also  included  as  a  section  of  OTEA  test 
report:  Independent  Evaluation  of  the  Ml  Main  Battle  Tank,  (November  1981). 
This  analysis  does  not  address  current  design  criteria  (specifications)  which 
are  adequate  and  which  were  properly  considered  during  the  RDT&E  process, 
i.e.,  design  criteria  relating  to  system  aspects  where  no  man-machine 
interface  problems  were  found. 

PROCEDURE 


The  approach  involved  comparing  the  individual  HFE  problems  described  in 
the  above  report  with  the  applicable  criteria  statements  containing  the  rules 
for  avoiding  the  problems.  The  problems  were  first  identified  with  the 
related  hardware  components  and  arranged  accordingly.  The  components 
themselves  were  classified  as  either  conventional  or  new.  A  conventional 
component  was  defined  as  a  design  or  technological  application  used  in 
previous  generation  tank  systems  whereas  a  new  component  was  one  not  used 
previously  in  tank  systems.  This  distinction  was  made  to  identify  criteria 
involved  where  applications  of  new  technology  have  occurred.  New  technology 
often  creates  the  need  to  revise  and  update  criteria  so  they  include  new  HF 
considerations  generated  by  the  new  technology.  Thus  criteria  covering  new 
technology  become  prime  candidates  for  revising. 


The  criteria  reference  sources  used  in  the  search  were  the  current  issues 
of  MIL-STD-1472  and  MIL-HDBK-759,  namely,  MIL-STD-1472C  (1981)  and 
M1L-HDBK-759A  (1981).  During  the  period  of  Ml  tank  development  in  the  1970’s, 
however,  it  is  likely  that  prior  editions  -  MIL-STD-1472B  (1974)  and 
MIL-HDBK-759  (1975)  -  were  the  versions  available  for  contract  application  and 
guidance.  The  latest  editions  were  used  in  this  analysis  because  the  main 
purpose  was  to  produce  information  to  update  and  revise  current  standards. 

Both  references  were  examined  to  identify  those  criteria  that  are  pertinent 
for  each  problem.  Criteria  that  were  judged  to  be  relevant  to  some  degree 
were  included  in  the  selections.  The  selected  criteria  were  then  evaluated  to 
determine  whether  or  not  they  provided  unequivocal  and  specific  guidance  for 
making  informed  design  judgments.  In  cases  where  the  criteria  were  judged  as 
adequate  in  providing  sufficient  guidance,  these  were  defined  as  critical 
criteria  that  should  be  given  greater  consideration  or  emphasis  in  future 
programs . 

In  cases  where  the  existing  criteria  were  judged  as  relevant  but 
providing  inadequate  guidance,  the  comparisons  revealed  the  need  for  revision 
to  include  guidance  covering  the  HFE  considerations  involved  in  the  design 
problem.  Revised  design  criteria  were  then  formulated  for  these  cases. 

In  cases  where  searches  ended  with  no  relevant  criteria  found,  the 
situations  were  viewed  as  representing  conditions  not  covered  by  current 
standards.  New  criteria  were  formulated  in  these  cases. 

RESULTS 

Design  criteria  data  are  presented  in  tables  made  up  of  three  columns. 

The  first  column  presents  HFE  problems  described  in  succinct  statements 
indicating  the  identity  of  the  hardware  components  involved,  whether  they  are 
conventional  or  new  components  and  the  specific  design  features  causing  the 
problems.  In  the  second  column,  adjacent  to  the  statements  of  the  HFE 
problems,  are  presented  relevant  current  criteria,  if  any.  Each  design 
criterion  is  presented  in  a  short  statement  and  paraphrased  where  necessary  to 
include  only  the  parts  relevant  to  the  problem.  Each  criterion  statement  ends 
with  a  number  in  parenthesis.  This  number  refers  to  a  specific  paragraph  in 
the  reference  sources.  Numbers  beginning  with  the  letter  "S"  indicate 
MIL-STD-1472C  and  the  specific  paragraph  therin.  Numbers  beginning  with  the 
letter  ”H”  indicate  MIL-HDBK-7 59A  and  its  paragraph  number. 

The  third  column  presents  the  proposed  new  or  revised  criteria.  In  cases 
where  the  relevant  criteria  were  judged  as  adequate,  no  new  criteria  are 
presented  and  the  statement  "No  change"  is  entered  in  the  column.  In  other 
cases  where  the  relevant  criteria  were  judged  as  inadequate  or  where  no 
relevant  criteria  were  found,  new  or  revised  criteria  are  included. 

The  results  are  organized  into  two  tables  according  to  problem  severity. 
Table  1  addresses  the  24  hardware  components  in  the  Ml  Tank  OT  III  report 
judged  to  have  major  HFE  problems  causing  significant  decrements  in 
operational  effectiveness.  Table  2  addresses  46  other  hardware  components 
with  HFE  problems  judged  to  be  general  problems  which  have  a  less  severe 
impact  on  system  effectiveness  but  which,  nonetheless,  will  result  in 
degradation  of  combat  effectiveness. 


It  is  difficult  to  acquire  and  Same  as  above  (S  5. 1.1. 3).  No  change 

track  targets. 


1  (continued) 


n 


1  %% 

«-H  C 

P  -P 

42  ffl 

B  S  S. 


p  <d  ffi  a  c 

<o  E  o-H 

S.s  ^  .  | 

O  *  O  £ 

03  P  o  Q) 

P  C  CL  P  43 

•p  o  re 

03  -p  -  42  *o 

£  P  JC  r-1 

+J  -rt  c  3 


5  I  M 
■a 8 1  b  *. 

•Q  O 
O  ffl  P  r-l 

p  p  ffl  03  • 
^  u  p  c  o 

>1  3  W  O  1-4 

*1  U  S'H  • 
•H  *1  +1  *J  (S 
H  03  *P  r-l 

Sail'S «; 

a  §  ^  8  w 

mo—' 

UMUig 

„  ffl  c  9  >* 

03  »n  -P  o  «P 

S'  m  0) 

§f  £SS 

-p  6  c  m  3 


I  M  iJ 
|  l-H  ffl 

I  H  O 


i;s 

ill 

I  €  w 


fH  *W  • 

Od  (1)  iH 

p  p  ffl  *o  •§  in 
O  C  P  p  P 
HO,*)  U3 

o  03  c  a<w 
03  e  o  c 

O  *H  O 

•P  C  P  >03 
■PS  in  03  e 
ro  e  r-i  ®  ih  -5 

P  4>  ffl  P  03  P 

>,  3  o  m  -  p 
m  -n  -P  0)  •  c 

as « 10  ®.  i 

03  £  0)  -H  43 

O  03  P  -n 

■3§.2|8S 

SSlBi8 

8  8  e  B  e  ip 


3 

p  me 

(U  -H  r-l 

5  je  ffl 

aslll 

B  ^  n  **  B 

23  ffl  0j  ffl 
P  'Q  ffl  3 

^§r 

.2  °  e  o  3 

fH  o  o 

»o  o  -h  o  £ 

01  8  'aJ  -9  « 

P  r-t  IQ 

03  ffl  C  ffl  O 
C  3-H  J5  I 

3  ffl  E  'O  w 
cp  e  ©  a) 


ffl  -H  l-H 
■HP* 
P  ffl  i-l 

ffl  St  vo 
03  03  t- 

P  0) 
3  -  P 

B  frS 

X  SS 

*•8.2 
-  -p 

0)  *p  03 
iQ  vw  P 
O  03  ffl 

£  -p 

pS& 

B  03  2 

*3  09  Si 
•H  O  Ml 
0)  r-l  ffl 


o 

03  P 
(P  03  P 
O  U  r-l  C 
03  ffl  p 
C  >  3  0 

o«5, 

•H  P  ffl  P 
P  p  E  03 
ffl  “  CP 
C  H  >1  O'  ' 

ssa  p  & 

1s°*,3 

u  EBSS 

P  »0  -P  ffl  IP 

SC  C  »  _  03 

ffl  C  -p 
03  O  P 
03  ip  r-l  -P  ffl 
p  ffl  O  -P  01 

S 


C  X  -P 
ffl  P  P 


rri-P  ffl 
r-l  C  *P 
»P  -p  03  p 

3t JSB 

w  8,  a  ° 

•P  03  P 
P  P 

S3&!9 

35  <2  8  E 


5  s 

03  O  ^  S' 

|l«! 

C  cn  E  > 

<0  O 

6  0)  O  'Q 
fc  no  C 

g  ’H  Ip  to  • 

^  8  ffl  03  P 
03  p  -P  • 
£  a  03  4=  CM 


Jt  &  ,  4J 
P  ffl  ffl  ffl 

gsts 


£  a  03  £  CS 

F*  o  0>  • 
O  C  -p  O' 
P  ffl  03  • 

•  i— I  IT) 

r—  P  r-l  r-l  • 

i— i  03  *p  r-i  r*- 

•  3  ffl  ffl 
-r-i  >  x 

•  IQ  P  O  — ' 
m  ffl  d  p 

•  03  03 

r-  T3  03  ffl 

•H£  M  U 
in  3  r>  ffl  -p 

all  11 


4J 
JC  M 

8§  3 

p  -p 
CLP  03 
ffl  T3 
n>  p  o 

.5  2Le 

r? 

$  ij  p 
p  re  • 

sail 

W  c  O  4J 

*h  n; 

ffl&IB 


ey 


flie  proposed  change  has  been  reviewed  and 
revised  by  members  of  the  Tri-Service 
Technical  Group  for  MIL-STD-1472  and  submitted 
to  the  group  for  adoption  as  a  revision 
of  or  a  change  notice  to  MIL-STD-1472. 
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The  HFE  problems  in  Table  1  were  distributed  across  24  different  design 
features  or  equipment  components.  Eighteen  of  these  24  components  were 
present  in  previous  generation  tank  designs  and  thus  represent  earlier 
generation  technology.  The  remaining  six  are  unique  to  the  Ml  tank  and  can  be 
viewed  as  applications  of  new  technology.  This  division  indicates  that  the 
design  of  conventional  components  is  the  primary  source  of  major  HFE  problems. 
Some  of  the  reasons  for  this  situation  are  considered  below. 

Examination  of  the  18  old  design  features  show  that  current  criteria  were 
available  for  all  of  them.  The  criteria  were  judged  to  be  adequate  for  13 
features  and  inadequate  for  five.  This  suggests  that  72  percent  of  the 
conventional  design  features  which  produced  major  HFE  problems  could  have  been 
avoided  if  the  designers  had  observed  the  guidance  available  in  the  current 
criteria.  The  remaining  problems  could  be  assumed  to  be  partly  the  result  of 
the  poorly  defined  criteria  that  did  not  provide  the  necessary  information. 

Turning  to  the  six  new  generation  features  with  major  HFE  problems, 
analysis  indicates  that  there  were  current  criteria  available  for  five  of 
them.  In  three  cases,  however,  the  criteria  were  judged  to  be  inadequate. 

Thus  adequate  criteria  were  available  for  only  two  of  the  new  design  features; 
new  or  revised  criteria  are  required  for  the  other  four  features.  This 
indicates  that  only  about  a  third  of  the  major  problems  with  new  design 
features  can  be  expected  to  be  avoided  by  following  available  criteria.  The 
other  two  thirds  were  not  covered  by  any  criteria  or  had  outdated  criteria 
which  did  not  provide  the  needed  guidance.  The  results  suggest  that  much  of 
the  current  criteria  cannot  be  applied  to  new  generation  design  features 
without  first  being  revised  and  updated. 
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5.1.  The  arrangement  of  the  manual  A  guard  shall  be  provided  on  all  No  change 

traverse  ring  and  commander's  moving  parts  of  machinery  on  viiich 

weapon  sight  is  a  safety  personnel  may  became  injured  or 

hazard.  entangled  (S  5.13.7.2). 
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The  proposed  change  has  been  reviewed  and 
revised  by  members  of  the  Tri-Service 
Technical  Group  for  MIL-STD-1472  and  submitted 
to  the  group  for  adopt ion  as  a  revision 
of  or  a  chanoe  notice  to  MIL-STD-1472. 
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affecting  can  fort,  but  vehicle 
design  should  minimize  the 
problem  (H  3.11.1). 
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itilation  requirements  should  be 
ified  as  required  (S  5. 8. 1.2). 
posed  Notice  2  to  MIL-STD-1472C 
itains  a  vehicle  vent  control 
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Illuminated  reticles  shall  be 
provided  for  sights  to  be  used 
during  twilight  or  night 
operations  (S  5.11.3.12.1). 


Table  2  (continued) 


The  heater  overheats  and  Same  as  Section  C-7  (H  3.4.4) .  No  change 

distribution  is  poor  causing 
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The  HFE  problems  In  Table  2  were  distributed  across  46  different  design 
features.  Forty-one  of  these  problems  were  related  to  conventional  technology 
and  five  related  to  new  generation  components.  This  division  indicates  that 
failure  to  recognize  or  consider  problems  with  previous  tank  systems  is  the 
predominant  source  of  general  HFE  problems  In  new  tank  designs;  difficulties 
associated  with  new  design  features  account  for  only  about  11  percent  of  the 
general  problems. 

Examination  of  the  41  conventional  design  features  with  problems  shows 
that  current  criteria  were  available  for  37  of  them;  no  specific  criteria  were 
found  for  the  other  four.  The  criteria  were  judged  to  be  adequate  for  34 
features  and  inadequate  for  three.  Thus,  approximately  83  percent  of  the  Ml 
tank's  conventional  design  features  which  had  general  HFE  problems  could  have 
been  circumvented  if  the  designers  had  followed  the  guidance  available  in  the 
current  criteria.  The  remaining  17  percent  are  assumed  to  result  partly  from 
missing  or  inadequate  criteria.  This  latter  result  indicates  that  a 
substantial  portion  of  conventinal  system  design  features  which  caused  HFE 
problems  were  not  covered  by  adequate  criteria.  These  results  are  in 
agreement  with  the  findings  for  major  HFE  problems. 

Turning  to  the  five  new  generation  features  (components)  with  HFE 
problems,  analysis  indicates  that  there  were  current  criteria  available  for 
all  of  them;  four  had  criteria  judged  to  be  adequate  and  one  had  inadequate 
criteria.  This  result  shows  that  a  much  greater  proportion  of  current 
criteria  was  judged  to  be  adequate  for  new  components  causing  general  HFE 
problems  (80  percent)  than  for  new  components  causing  major  HFE  problems  (33 
percent).  The  discrepancy  may  be  due  primarily  to  the  small  sample  sizes 
involved  in  the  comparison.  When  the  two  samples  are  combined,  the 
comparisons  show  that  54  percent  of  the  new  components  with  either  major  or 
general  HFE  problems  were  covered  by  adequate  criteria  and  the  remaining  46 
percent  with  inadequate  criteria.  This  overall  assessment  suggests  that  a 
large  proportion  of  the  criteria  for  guiding  the  design  application  of  new 
technology  to  tank  systems  needs  to  be  revised  and  updated. 


SUMMARY  AND  CONCLUSIONS 


This  report  has  identified  current  (previously  existing)  criteria  and 
developed  new  and  revised  criteria  critical  for  the  HFE  design  of  future  tank 
systems.  Four  general  findings  emerged  from  the  analysis  of  HFE  problems 
identified  in  the  test  report:  Independent  Evaluation  of  the  MI  Main  Battle 
Tank  (November  1981). 

1.  Poor  designs  associated  with  conventional  generation  technology  and 
present  in  previous  tank  systems  accounted  for  about  84  percent  of  the  Ml 
tank's  HFE  problems.  New  technology  and  equipment  designs  unique  to  the  Ml 
tank  system  accounted  for  the  remaining  16  percent  of  the  Ml's  problems. 

2.  Of  the  HFE  problems  common  to  both  the  Ml  tank  and  previous  similar 
systems,  approximately  80  percent  are  covered  by  current  criteria  which 
provide  adequate  guidance  for  resolving  such  problems.  These  problems  make  up 
about  two-thirds  of  the  HFE  problems  in  the  Ml  tank  system  and  could  have  been 
avoided  had  greater  attention  been  paid  to  the  design  rules  already  available 
in  current  criteria. 

3.  Twenty  percent  of  the  problems  common  to  both  the  Ml  tank  and  previous 
similar  systems  were  related  to  inadequate  design  criteria  that  did  not 
provide  the  required  information.  This  finding  indicates  that  the  current 
(previously  existing)  criteria  are  of  uneven  quality.  A  substantial 
proportion  needs  to  be  revised  in  order  to  provide  the  specific,  unequivocal 
information  that  is  needed  for  guiding  the  design  process. 

4.  The  situation  with  new  technology  is  much  different.  Only  about  54 
percent  of  the  HFE  problems  designed  into  components  new  to  the  Ml  tank  were 
found  to  be  covered  by  adequate  criteria;  36  percent  had  inadequate  criteria; 
nine  percent  had  no  criteria.  These  findings  indicate  that  a  large  proportion 
of  the  current  criteria  in  MIL-STD-1472C  (1981)  and  MIL-HDBK-7 59A  (1981)  do 
not  contain  the  information  sufficient  for  incorporating  good  HFE  design  into 
new  technology.  The  new  technology  contains  novel  design  features  that  are 
not  addressed  by  current  criteria.  This  situation  indicates  a  severe 
limitation  in  the  capacity  of  previous  criteria  to  provide  adequate  design 
guidance  for  new  technology.  It  points  out  a  definite  need  to  update  old 
design  criteria  and  add  new  criteria  concurrently  with  applications  of  new 
technology.  The  new  and  updated  criteria  should  be  available  when  new 
technology  is  being  designed  into  new  tank  systems. 
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